The paper describes a new and simple approach for spectrophotometric determination of tricyclic antidepressant drug amitriptyline. Enhancement of the colour intensity of the Fe(III)-SCN − complex on addition of the drug amitriptyline forms the basis of the proposed method. The value of molar absorptivity of the Fe(III)-SCN − amitriptyline ion pair complex in terms of the drug lies in the range of (2.82-3.36) × 10 3 L⋅mol −1 ⋅cm −1 at the absorption maximum 460 nm. The detection limit of the method was 0.3 g⋅mL −1 . The slope, intercept, and correlation coefficients for the present method were found to be 0.008, 0.002, and +0.998, respectively. The effect of analytical variables on the determination of the drug and the composition of the complex are discussed in the paper. The method is applicable in the determination of amitriptyline in pharmaceutical preparations.
Introduction
Amitriptyline [3-(10,11-dihydro-5H-dibenzol[a,d]cyclohept-5-ylidene) propyldimethylamine] constitutes an important class among the neurotherapeutics belonging to first generation of antidepressant drug [1, 2] . Recent studies show proinflammatory cytokine process takes place during clinical depression, mania, and bipolar disorder, and it is possible that symptoms of these conditions are attenuated by the pharmacological effect of antidepressants on the immune system [3] [4] [5] [6] [7] [8] . Amitriptyline has a carboxylic structure with an exocyclic double bond at C-5 which is substituted with an N, N-dimethyl-1-propanamino side chain ( Figure 1 ).
Amitriptyline hydrochloride [AMIYTP] Cl represents a large group of compounds used in treatment of various mental diseases. The chemical structure of this compound is based on the condensed aromatic three-ring system which includes substituents in positions 2 and 10. The difference in chemical structure causes the different pharmaceutical activity of drug. The value of angle of these molecules is important; the more nearly planar the greater the neuroleptic activity. It is believed that drug amitriptyline acts by blocking the receptors of neurotransmitters, noradrenalin, in the synopsis in the central nervous system, which results in an increase of concentration of both molecules with a subsequent enhancement of their antidepressant potency. However, this drug suffers from several drawbacks, such as antiarrhythmic, anticholinergic, cardiovascular, and hyperthermia side effect, which may be reduced if the drugs are suitably vectored to the organism.
Various analytical methods have been reported for determination of amitriptyline including spectrofluorimetric [9] , spectrophotometric [10] [11] [12] [13] [14] [15] , flow injection method [16] , UV-Visible spectrophotometric methods [17, 18] based on chromogenic reaction with citric acid-acetic anhydride [19] , bromothymol blue [20] , ammonium reineckate [21, 22] , bismuth-hexaiodide [23] , and cerium (IV) [24] . Most of these methods however suffer from several interferences by many basic compounds, until several manipulation steps, and can be applied only to relatively high concentration of drugs. Some of these methods are not simple for the routine analysis, and they need sophisticated instruments which are not commonly available in the routine laboratories, and conventional batch process solvent extraction is a tedious and time-consuming procedure. Therefore it seems necessary to develop a simple and fast identification method for determination of amitriptyline. The proposed method is based on the enhancement of the colour intensity of the Fe(III)-SCN − complex on addition of the drug amitriptyline. The optimization of analytical variables is discussed in this paper. The method is simple, sensitive, and found to be reproducible. This method has been applied for determination of the concentration of amitriptyline in pharmaceutical preparations.
Experimental
2.1. Apparatus. Systronics (India) make UV-Visible double beam spectrophotometer-model 2201 with quartz cell having path length of 1 cm was employed to determine the absorbance. Source and sample positions are softwareoptimized to keep the unit always at its peak performance.
Reagents.
All chemical used were of analytical grade reagent (Merck). Deionized double distilled water was used throughout the experiment. Glass wares were cleaned with acidified solutions of KMnO 4 or K 2 Cr 2 O 7 , followed by washing with concentrated HNO 3 and rinsed several times with deionized double distilled water. All solutions used were prior filtered and degassed.
Standard Solution of Amitriptyline (1 mg⋅mL
−1 or 1000 ppm). The standard solution (1 mg⋅mL −1 or 1000 ppm) of amitriptyline (Mol. Wt. 319) was prepared by dissolving 1.0 gm amitriptyline in 1 litre deionized double distilled water. The working solutions of amitriptyline were prepared by the appropriate dilution of the stock solution.
Reagent Solution Ammonium Thiocyanate (1.8 M).
It was prepared fresh by dissolving 14 gm ammonium thiocyanate in 100 mL deionized double distilled water. 2.3. Procedure. 2.5 mL aliquots of the standard solutions of amitriptyline having varying concentrations from 1.0 to 10.0 g mL −1 were taken in the 25 mL volumetric flasks. In each volumetric flask 2.5 mL of the iron solution and 5 mL of NH 4 SCN solution were added, then made up the solutions upto the mark on volumetric flask with double distilled water, then measured the absorbance at 460 nm against the reagent blank, and prepared the calibration graph by plotting absorbance versus concentration of amitriptyline (Figure 2 ). The similar procedure was repeated with the sample solution, which was prepared from the pharmaceutical product. The concentration of amitriptyline in the sample solution was computed by using the calibration curve prepared under similar condition.
Reagent Solution of Iron

Results and Discussion
Reaction Mechanism and Composition of Complex. Ferric ions react with SCN
− ions to give a variety of red-orange complexes, but the presence of amitriptyline activates the formation of a higher thiocyanato species, which enhances the colour intensity of the complex. The proposed reaction for the formation of higher thiocyanato complex in presence of the drug cation, that is, [AMIYTP] + can be expressed as
where the value of may vary from 2 to 6. This reaction has been used for the determination of cationic antidepressant drug in the present work.
The mole ratios of Fe(III) to SCN − and [AMIYTP]
+ ions involved in formation of the ion-associated complex were determined on the basis of the spectrophotometric analysis of these constituents at their different concentrations. The values of eq (the absorbance of the complex when the reagent was in equilibrium) and max (the absorbance when the reagent was in constant excess) were determined spectrophotometrically, and the values of ( eq / max − eq ) were calculated for different concentrations of Fe(III), SCN + was assumed to be 4 : 1. Hence, the curve-fitting method suggested the molar ratio of Fe(III), SCN − , and drug cation in the complex to be in 1 : 4 : 1 ratio, respectively (Figures 3 and 4) .
The probable reaction which occurred in the following solution in HNO 3 medium is expressed as
where value of " " may vary from 1 to 3 and (AMIYTP) + = cation of the drug amitriptyline. 
Absorption Spectra. The Fe(III)-SCN − -[AMIYTP]
+ complex exhibits the absorption maximum at 460 nm ( Figure 5 ). The position of max did not change when the drug amitriptyline is added, but the absorbance was increased. In presence of the drug, a hyperchromic shift was observed due to formation of a higher thiocyanate complex.
Optimization of Analytical Variables.
Among the acids (HCl, H 2 SO 4 , and HNO 3 ) tested during the investigation, HNO 3 was found most suitable because of the better performance of the complex in the nitric acid medium. Another reason for the selection of nitric acid is its oxidizing nature because of which several reductants, that is, CN − , S 2− , S 2 O 3 2− , oxalic acid, ascorbic acid, and so forth did not interfere in the reaction. Use of 0.01 M nitric acid in the iron solution was found adequate during the detailed investigation. During the optimization of analytical variables, the minimum concentrations of iron(III) and ammonium thiocyanate solutions (required to obtain the maximum and stable absorbance) were found to be 1.25 × 10 −3 M and 1.8 M, respectively. Their further addition decreased the absorbance. As the solution of ammonium thiocyanate seemed to be slightly viscous in comparison with the iron(III) solution, the SCN − solution was prepared using double volume of distilled water. Thus volume of 2.5 mL of 1.25 × 10 −3 M iron(III) and 5.0 mL of 1.8 M ammonium thiocyanate solutions was applied in order to avoid the matrix interference during analysis.
Optimum Concentration Range, Detection Limit and
Statistics. The absorbances for the different concentrations of amitriptyline are shown in Figure 2 . The method followed linearity in the range 1.0 to 10.0 g mL −1 of amitriptyline, with the slope, intercept, and correlation coefficient of 0.008, 0.002, and +0.998, respectively. The value of molar absorptivity (calculated by taking the molar concentration of amitriptyline and path length of the cell to be 1 cm) with amitriptyline in terms of the drug was found to be in the range (2.82-3.36) × 10 3 L mol −1 cm −1 at the absorption maximum 460 nm. The detection limit (absorbance >3 × SD) of the method was 0.3 g mL −1 . The relative standard deviation for amitriptyline was found to be ±1.7%.
Application of the Method
The proposed method was applied for the determination of amitriptyline in commercial pharmaceutical tablets Amil-25 (Mano Pharmacy, India) and Amitriptyline hydrochloride tablet USP/IP-25 mg (From (Iron) drugs and pharmaceuticals Pvt. Ltd., India). Sample solutions were prepared from the tablets. Five tablets of each product were weighed and powdered. The powder equivalent to their single tablet was dissolved in methanol, and the obtained solution was filtered and evaporated to dryness. Then the residue was dissolved in distilled water and made up the volume up to 100 mL in a volumetric flask. These stock solutions were further diluted to contain the requisite concentrations. Then the procedure described earlier for the determination of amitriptyline followed, and it was compared with the results obtained from the official method as shown in Tables 1 and 2 . The amitriptyline content determined by the proposed method in the drug samples was in excellent agreement with the already reported extractive spectrophotometric ammonium reineckate method (Table 1 ). The performance of the proposed method was compared with the official method ( Table 2) .
Conclusion
The method was successfully applied for the determination of amitriptyline in the pharmaceutical preparation. The method is very simple as there is no requirement of prior separation or extraction of the complex, and the reagents are low cost and commonly available in routine laboratories. The results obtained from the proposed method were comparable with the established methods. The method has good potential in simplicity, sensitivity, and reproducibility, and the reaction used in the proposed work is expected to give better results with flow injection analysis.
